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(57) Abstract: A measurement point is set at frame data consisting of an envelope signal obtained by orthogonal detection of an 
RF signal output from an ultrasonic probe before and after compression of an examinee. The measurement point is moved in the 
ultrasonic beam direction (first dimensional direction), second dimensional direction or third dimensional direction with respect to 
the frame data so as to obtain a position where the envelope signal correlation coefficient before and after compression belonging to a 
correlation window surrounding the measurement point becomes maximum. According to this, the displacement of the measurement 
point accompanying the compression is obtained and the phase difference between the RF signals before and after the compression 
is obtained, so as to accurately obtain a displacement of the measurement point accompanying the compression by displacement 
measurement means. Thus, it is possible to estimate the displacement distribution without being restricted by the displacement 
amount, reduce the calculation time, and cope with a horizontal direction displacement. 
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S 2 4 £31*, ^T&V^'&teXxy^S 1 1 fcU^— >U 1/ v 5 

7^ 1 U ^ > b#L3lT&o 

15 nioit 09 oxf7 y°s 1 5 ©flBj«{b$nfc*^SBffliii5feo»«i***r 

7f77°S3 ITU BE*eW©RF«#xa:BE«fa©RFfi#y*-en^nit 
SiMUT, £JlT©<J:5liI, Qm^&jfctbZo 

x (t) -> I x , Qx (X (t) = I x + j Qxtt§) 
20 y (t) -»Iy, Qy (Y (t) =Iy+jQyit§) 

Xf^7 p S3 2m ffl|:Rxy, Rxx, R y y £3fc^d£^T§|-|Sf 

Rxy = S X ( t + v) • Y* (t + v) dv 
Rx x= S X ( t + v) • X* (t + v) dv 
25 Ryy=SY (t + v)-Y* (t + v) dv 

Xf77'S3 3m ^^n»Rxy, Rxx, RyySffl^TW 

C 0 = i Rxy I //Rxx/ Ry y 
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Xt7^S3 4T», &&.n\Z 1 Sr-fey 

Xf^S3 5tH Y„ (t) =Y (t-nT) e j » nT £ thirty o 
Xf>y^S3 6m ^C^^TRxy, , R y .y. £fH£T2>o 
Rxy n = U(t+v)-V (t + v)dv • 

= SX(t + v)-Y* (t -nT+ v) e iunT d v 
Ry„y„=SY„ (t + v) Y„* (t + v) dv 

= J Y ( t -nT+ v) • Y* (t-nT+v) dv 
7;f^S3 7m ^J6^nfcRxy n , R y.y.&ZB^TffiHiMfcC,, 

C n = lRxy„ I //" Rxx/~ Ry n y„ 

EI 1 0 07D-ft- hTtt, Rxy,, Ry.y.^WOH, ^T7 7'S 
SnSttGcoxn— ff^x (t) * 

X (t) =U (t) COS <0> t + 0) 

Ml&fflteftlffi&Oxn-HMy (t) * 

y (t) = x (t + r) =u (t + r) cos (to (t + r) + 9) ft^o 
#M-5fx, y, y n ©it5!4ft»[lttt, 
x ( t) -I x= 0. 5u (t) c o s (9 

Qx = - 0.5 u ( t) s i n 6 
(X (t) =Ix+jQx=0. 5u (t) e- ,e ) 
y (t)-»ly = 0. 5u (t + r) cos (cor + 0) 

Qy = -0. 5u (t + r) sin (cor + 0) 
( Y ( t) = I y + j Qy = 0. 5u (t+t) e - j(<UI + e) ) 
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y„ (t) =y (t-nT) 

= u (t+t-nT) cos Coo (t + r-nT) + 0) 
= u (t+t-nT) cos (coi+co (r-nT) + 0) 

Iy = 0. 5u (t + T-nT) cos (a) (r-nT) + 0) 
Qy =-0. 5u (t + r-nT) sin (to (r-nT) + 0) 
(Y = I y n + j Qy =0. 5u (t + r-nT) e *>) 

Y n (t) = Iy„+j Qy, 

= 0. 5u (t + r-nT) e - i(<o(r - nT) + e) 
= Y ( t -nT) e i<onT 
£n^£Y n (t) teY (t) = I y + j Qy^e^5It(:)5:5. 
foT, Rxy„ Ry n y n t>, ^i^HX, Y*^*»5rt*STf 5. 
Rxy, =4 S X (t + v) • Y n * (t + v)dv 

= 4 SX (t + v)-Y* (t-nT+v) e j£unT d v 
I Rxy, I =Ru„ 

= Su (t + v) u (t + r-nT+v) dv 
= 4SlX(t + v)-Y n * (t + v) !dv 
= 4 S IX ( t + v ) • Y * (t-nT+v) e i<onT I d v 
= 4 J IX ( t + v) • Y* (t-nT+v) Idv 
Ry„y„=Su (t + r-nT+v) u (t + r-nT+v) dv 
= 4 S I Y B (t + v) • Y„ * (t + v) |dv 
= 4SY (t-nT+v) - Y* (t-nT+v) dv 

[C^ti^^feiDfct^t, ]&3&ift&lBl%l 3 2 0-1 3 2N#^g:S&*fcSnS 

ciia^x. i£3£tfeifciiiB& l 3 2 0-1 3 2N©ili:BfFI^If^<J;5(:^ 
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JOEKra^tftSiaKS (QD) 13 1H JnffituOXn-«#x (t) £A:ftU 

^n^ns^Mi/t, jt^ttiif ix (t), qx (t) flt^s, mimmm 

IfHIKl 3 3R^«lffiM«»[*iHHlKl 3 5 0-1 3 5Ntffi*t5. Unffi^ 
i£3£&ifc1IIB& (QD) 13 211 «©XD-«fy (t) £A*iU 
nit£fcfcbTi££tfcifcM#Y (t) =ly+jQy (Iy (t). Qy (t)) 
IS 1 ffiM«ft*JHSIB5 1 3 5 0, 12 ffiM^HISS 1 3 4 0 fttfjfc 1 3SMIU 
3 4M2I»1 3 5fcfflaT*. miilMIUS§l 3 4&U^2« 
EH&13 5«, Y (t) «tl^«t©!WIIT^a«^ 

fcffibfcfi£lft«fir#Y (t-T) &|glffiH«ft«JHHlKl 3 5 1, II3 3I& 
IUE&1 3 6]Rtfffi4SS3ElHlB&l 3 7(cm*T^o fg3 5§3SIH&l 3 6Rtf»431 

M13 7H E^M-^Y (t-T) *-*n*n«*»©»MT«tt» 
«U7cS^^f^Y (t-2T) *^a©SBlfflH«»i»IHa8&R^ 
jS3£lsr% (m^-a-f) icffl^TS. Nl*03i3ttlEl&SJ3V>T0&H8T© 

fglffiWtfdfflHl&l 3 3(lffif I x,Qxl;i«^lRxx^Il/« 
^n*#»2fflH«ft?SilFllIKl 3 8 0- 1 3 8Nfcffl;&-rs. «2fflH?gffIiI 
Kl 3 4 OJi^Jraffiftia^ttifelHlKl 3 ZfrZOim&WLWLim^ I y(t),Qy(t) 
£A*U fflMf Iy. Qytl^TWIRyy^b, ^n5B2ffilli 
gtfg3£leI8&l 3 8 0HtB^. fglffiH«ft«JHHlKl 3 5 0H ioffiiutt^ 
3 i^6©m^*ift«^I x (t), Qx (t) fttfiflffi&iltSaftifclHl 
Bl 3 2 6> ©EXIfeiftflHt I v (t), Qy (t) £A#U **^-XM>b 
<ff^S R , S, .-*n&*3ffiHJKJFlBll&l 3 6 OSmiffiilfBSgl 

3 7 Otcm^-T*. »3ffiM«3SIslKl 3 6 011 IBlftH«**IHHlKl 3 5 
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xy I &3fc«>. *n&fe2ffiH«MRi*»Hrc&l 3 8 OKas*"*"*. Millie 
iS§1 3 7 0(l f6lffiW«*!**ISBl 3 5 od^<Di^-x;t>h{i§s P 
S, fcAAU *nfcaWV>Ttt*«E*, (t) £*fe£o *2ffiH«»tKIHHl 
K1 3 8 0H JglffiWiSdSia&l 3 3 3^6©ffiHISRxx, m3ffiM^lslK 
1 3 6 0*&©ffiH# iRxyl, MtffcIS 2ffiW!*#Islft 1 3 4 0*6>©ffiH 
<i!Ryy£A*iU in6©ftffiH*K:S^TfiH«*C, (t) £$*3£U, 

»2fflMSfWia»l 34111 HI 1 5I3£1§I& 1 3 4Rt£Sg2S!5£lH!B&l 3 5* 
ecoilMt^ifi^M^i y ( t -T), Qy ( t -T) £A^U ifly (t 
-T), Qy (t-T) t^TliifRy,y,&iIt, -tn&*2fflM«ft 
ft#|5|Bi 3 8 lfcffi^-r*. SSlffiH«3fc!jdlHiI86l 3 5 1H inEEIuitx^ 
at@Kl 3 l^^ttSMi^I x (t). Qx (t), I1I1@!^13 4R 
tffg 2 S!®lsJE& 1 3 5 ^ & c^)5i^(Dit^M^ I y ( t -T). Qy ( t -T) 

fcxau ii^;i>M^s tlI s *n**3«wawwa*i3 

6 1 Rt^fifflSliSilSiaK 13 7 1 iCtiJ^f §o H 3*B§l?fd?lE]S& 136 1H % 

imm^WcMW-m^i 3 5 i^e>olts^— xn>Mt-^s R1 , s„$x*u 

nfcX^^TfflHffi I R x y , I Sr^fe, ^-n*jg2fflH«*«IHilKl 3 8 1 

\zmi)-?z>o mm^wmmi 3 7 in mimm%m.mn^i 351*60 
«*^-*/x>hflres M . s„*x*u *nic*^Tttffiii*, (t) £^ 
»2tt»«»cawiwaKi3 8ija, *iffiH*Jna*i 3 3 

Rxx, IS$3*IMifl^lEl8&l 3 6 l*&©ffiWtt I Rxy, U afctffc»2*BH?fc 

leis&i 34 i*&©*aH«Ryiy, ^a^u z.nzo&mmmz.m^Tm 
p^icc, (t) satifu as^-r^o 

3 S3£Ie]&S 1 3 5Rtf|g4MEiaB&l 3 6*6>?fcS©# 2fflH*!¥ia& 1 3 
4 2-1 34N, JglffiH#ftiWIHHli&l 3 5 2-1 3 5N, aS3ffiH«»aB 
1362-136 N, ttffl^*IiIES 1 3 7 2-1 3 7 2 
HIS&l 3 8 2- 1 3 8NH ±^,h|Wl#OBS^Jli^jl®^tl^51^©a^ 
y (t - 2T) • • • Iy (t-NT), Qy ( t -2T) • • - Qy (t 
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-NT) C^tT^fU« ffllftfM&C, (t) ~C N (t) x.zs&m<t>i (t) ~ 
0 N (t) ££B*-r&. 

0. 5) \zm*Z.£ifito\e>tlXKZ>. t^X\ #TV>Jfc£:0. 49iL, 
1 -D&^IBM&fe (FEM: Finite Element Method) X&%> 0 



10 



15 
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^ b o nl i ^sis; * mm \m < ^mv> - 1 x & s . & 

#^iJ&^#^#£*i&fctf>J £bXi£*X:fettfc£-H*T'&£. 

(19) (D&ofcmzn&o 

dxj 

(/,y = i,2,3) ... ( ]_ 9) 

£Z1X> i, j=l, 2,3«, x, y, zK^«t5. £fc> i#.-^&M^5£« 
^ (2 0) Ock^JC^^nS. 



'•"2^ ax,. J 



••• (2 0) 

mti-m&mm^ (—mt vtc7v? <n&m) (21) o^^tssn 



(2 1) 



TS. S7c, jg** (x,, x 2 , x 3 ) « (x, y. z) **'l/T*D, *©fl& 
20 CDfS-^-^TCDZl^^^bXV^o 

E :^>^ (#4$#&<hfc^Y>^©£££;SbXV>£) 

v :.#TV>J± 
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(£„=£„+£ 22+ £ 33 : 

5 u, :3g4fr'^b-H' 

f. :#:^^^^7h;l/ («^©i£#te^T-£5fc8&, 21 HTftt f , = 0 tt *) 

(22) **#e»na. 



10 fc*£U ■ 1B =B 11 + B tI +s II T?**. £-oT, ^©n-i = j= 2tU 

^E^^viTSaTst^cS: (23) ^#ens. 



. 20 2&c, ID»19W4«*^* {E"°} ©£#K£C*j6;&#tf is" 0 } £3#7tffi*il 
ODfeVi^jg^ (2 4) £f£5o 




- (2 2) 




- (2 3) 
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Bx t 



2(1 +v) I ax j ax. 



(2 4) 



10 



15 



dx„ ~ dx l dx 3 

\y=bottom ^ 

C n lx, 2 =«de =0 ... (2 6) 

{E"°} <Dh&<DJ&1]fttt {s"°} 

31 3 \z. 3 ^tc^ris*^^ «k 0 # e. nfc jsa t n eta w& k <fc 

£#5£ (2 7) tC«fc«9 35»f-rSo 



i t+1 = 



-v(<r x *-t-* a *) 



(2 7) 



20 
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5 tdifiOltTVKc jfciEU ^5$ (2 8) 0^^7c$n^Bt^T#14^^^ 

i-Z|^ +1 -^|<r 

' - (2 8) 

15 ^8n?&5fcg>, 2^7cTl/-i'^^7 0 a-^^ffl^^^^ I^tcTKMI 

^(D^(D^cDte5StI^esffiP^<fc3^^^m^^;i/^J;^#tt^ 
20 5^ I/— v-3 >©^«S©«tllSS:^t* 
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^Sitfc. *©BR, *f 1 1 LT« 5 0 0 i/ c m 3 t fiflfc 

FflH»*«C (2 9) ©A^fclMIEiimolll^WRt***^^®* 

i, (x, y, z) tt«a»BE»lStr©RFfi^ i, (x, y, z) fcm 
iSittORFfi^ h (x, y, z) ttiti>'XfA©^^^it W > 
t, (x, y, z) «IMlE^ttf©mSL#ll^ t 2 (x, y, z) 

fcW&T&*. *7c, HlJI^OMffitt, (x, y, z) «tl)£ii 
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ttattHftt, (x, y, z) ®**a#©tt«*l^*^1'©**fc* CT * 

(x, y, z) ttSraWJd^T^St^-TS. ^owt^s: 
(3 0) ©,fc3fc#ft££fc#lK^€rsfc4Kjrr*. 

i(xj,z) = #,WMz) 

10 uH1?> hy (y) ttjSWiftlf-A^lRlO^^OMIfc, hx (x), hz (z) 

its. fit, *^©jfiJ£^DH»tt*IK©jS*ift^«K:«kO«-S!l 
l/Wt-^-^b (7K1 3 «ofcffi@0. 13mm©7<t-) ^S© 
15 E»X3-M**fcffJ«t«. H13tt, af»4>tH*ft5. 0MHz©*J§ 
■&^fflVifc^l£^0M»©— -W^^tH*^**- 013 (A) ^tt^^I®^ 
#DW#hy (y) &^b, ^n«^'7XlBfc^IE^^^ttfe ! b©^«i:oT^ 
^©"7-r-^— • hJ5^©SltX3- rfr^ftiSMb, BI1 3 (B) 

fijSOj£«J0B8»hx (x) ft, 013 (C) tt^^^O^OWhz 

20 (x) s^-n^n^u ^ne^^xntiaot^o7^>- • ^-^^ 

j^DT^^.T43D, ^>5ak-ya >©B£l;:Bfcg>TIB9If 

(S*> ^«IJgi*tUT^iatS^bfcl£ai*'&e5*BMS5©WS6 

@14(t Mif$^^©«Elll&ft^EITa&S. m^-?>«, »6 0mmx 
6 0mm (2^tc) -«^#tt«»:^ft fe^^l/Tf&S. *UT, d© 
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Hz, /t;V7.*iO. 5 mm, jB*«bf-A« 1 . 0 mm, ^3tE7-f >WIH0 . 5 
mm, D->^'J>^»3 0MHztj5§. ^bT, -©JE^liu^©^ a. U 

tel. 6 mm (Wi^IrI) x2. 5 mm ©2#7t;fBM^5. 6 mm (I* 

#fl> x7. 5 mm OKlfrffi) © 2^7C***H*fflV^ 1 3fc7C«lS©*^gB 
fflP&TiSfft^ft fettle b 1 . 6 mm© 1 &tc*HW3S£ 5 . 6 mm© 1 )kjtW£ 

2L©*5K:bT#^asfc«kOS*^*«IJfebfc«g*. El 5-01 7©cke> 

£ 0 OSl^gSISifc D^II^gSffiiS, AttasMfflHSS^T. 7c 
Tcb, I^iietLT^ (3 1) £fflV*7c. 



1 



2>* 2 ... (3D 
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<^TU5o«iu wsams § B*a n tt*t&isiaett * s t> 

BSM & JtR b & £ £ S . TSI0 <fc 5 3 B*@ Mstt** § B« HiSfc Jt 



SPASMS 



2 6# 



1#3 4# 



1 2#5fJ> 



1/ (3. 6) 



0 



7. 7 



*fi^x>te> HIS (A) \Z^T£o\Z, W60mmx60mmx60mm 
0 3^7ciii*bT*D, ^©aitfJ^Clgl 5mm, S^Oram®® 
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//^) jjiokPa, ft&#|CD3£MffcteJ15a£ D 3 {g^Vi 3 0 k P a h^^bo 

mttn-Dfco nsit mis (b) ic^-t^m, zLmm^Mzttvxt 
m^^m^\z-m^2 o o p acD^EE^^QA-T, m§r&^v£^ft^ 
2xie»?-s. 2o@ii 018 (o iz^-r&oiz, zwmm^Mzttvx 

P a) £iP*-T> m^^^M^^t^^ffiiit-^o 

c T t> JttR© 86 § B*S SSt^FlffiMSl: £ £ £*SMfr*i5£ "b fx o . 

v-a><h|W|b, cf»ibM&*5. 0MHz, . 5 mm, 8t#lR]®W$fc£ 

Omm, X^-rx^^^t:-A<t62. Omm, «E^f>MPB0. 
5 mm, t^'J^ttSOMHzin. 
±|3CD cfc 5 K bTtTo ^~>5;x I/— -> a >©«S*tt, 0 1 9 RZSM 2 0 fclw?" 

&5\ztzz>. z. z\n\ mi 9\$mM^}v&mm\zm^fo\zmmL>tcm&<D&& 

*8bfc#«re&9, #^IsI©^^0tc:iR]^oT*#8?)T^ff$Sb7c7cfe, m 
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mmt£& 2 $t5mmi$&&m ^x, mmvtc 3 &%mm&&t.&mr2> zt\z 

iftatfJVtl/T, HI^©^#:mili:I^U3^7C^^Olll2 1 
©<£ -5 ft 2 ^©^7^1^18^30 EI2 1«, 3^7C^it^jt0 2 0©a^ ; &T J ;l/ 
20 ©— M&TxTmX&Zo IM2 1 (a) ©rt&^x^fcJ:, ¥L#*A>£«SSl'fc ; E5* 
10 0 mmx 10 0 mmx 10 0 mmCD^E^l/^^it^ 2 0 mmO®^ 
l*3&4&©5M£«ft» 3 OkPa, M32©##^£im 1 
OkPatt§. :ne©WI©itt $teS£©$'S3.l'— ->3 ><hl?r|C£ 

5idHi^©¥LMfM©#tt#^:^»fc^Tv^o ia^rtswo^Tv 
25 >ittvxi$, &\zftmmmzm*fr& o . 4 fit, E21 

(b) ©S«qEx;HiS5^i:©S5K© ! b©*^b^: ; E7 ; ;l/-Z? v ^l 0 0m 
mx 1 0 0 mmx 1 0 OmmOtj^lCS^ 2 OmmOl^I^tfiWiCil 
ftt5t^5t>OT?, EEl^JI©3tM£^&«3 0 kPa, «3a©#tt^»tt 1 0 k 
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fLT, 02 1 (a) ©rt^lltfJ^i^tttf^i^^Sl^^l-l 0 0 
Pa©-iME*}a^ E12 1 (b) ©/i^^^KD^^^-h^ 

^-T-Sfc^^fflV^Ti^^^X^A^/N^^-^tbT^, 4"M$iifc3. 7 
5 MHz, A o ;i/7,ifiS0 . 7 5 mm, ^|o]®^t:-AijiI 2 . 0 mm, X^-fT, 
/jp^i^fc'— Ai|>12 . 0 mm, ;fe^-f >Pe1Pfi 2 . OmmT^§. #£3fi 
15 *I^gSf@P^&t:W£*BII@^©1MXte3 . 2 mm (li^r^l) x 4 . 0 mm 

^[r]), ^tSBtel 1. 2mm (Ifi^fRj) «14. Omm (^fa) ^-f^o £ 
3^WPSgm^7=>J;^#tt#^*fl^^«2mm Oftyjft) *2 
mm ($t#|6l) x5mm (X ^-f ©ra$Si5 0 0 0 om&m^Tm. 

|gl 2 2 MEI 2 S^^^V^^^^^-fi^^r^^-r, El 2 4M0 2 5te 

2 ^Mt^-m 2 ^TtmmxcDW^w^ ^m^x^u^<Dx\ 
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•7- ?S5 M- iT? *frSl9 ^ 
[%] 


VJ -O lilt I Plffll ZE 
[%] 


*< -J V ^ cv' •— 1 *y 1 

[%] 




3 &7tHWif&fe 


3. 5 


15. 5 


11.0 


2 #7U?iliJ&?* 


3 0. 9 


17. 9 


3 5. 9 


)V 


3 "Aitnm^ 


8. 5 


2 6. 8 


3. 1 




2 4. 9 


2 2. 1 


4 3. 5 



0. -E-tven^SOA^ESBTS. 



J(g c -^)-(iS- e -^)| 

^ - (3 2) 
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5 3&^«*ift***:*-2 8 1, 8fjft»KSI2 8 2, A- > fcTa-* 

2 8 3, /IH/X^— 2 8 4, /UVX : E-^2 8 5, j£^th2 8 6 

8 ltt3&^j£*#^tBk»J*£fcoTV>S. Stttigfi2 
8 2«3^7CM#^X^^^2 8 l£$i]$Pb*:0> U TA^-i AKjU^&B ^E- 

^8ffg«2 8 2^oTtW$nfcRFi^STO^ a»#tt4*tt««©fc 

20 ffifc7-A©fc«fcH£3nT*5D» 8 5 <Z> rT»«B»*w« 3 

^7C^X^t7-2 8 lMD^tTS^o ^tVT. AJlX^-Z^yhU- 
5 2 8 4\Z&Q ^(D/^JVX^-? 2 8 5 £$iH£PU 2 8 1 

25 fc&Ofc©*^ ift^^tt 2 8 1 tMiO^Cf *n5. fctcV, ££T 
' 02 7H ,i:©^ : g : ^irv'X^ATffl^^^X^^^-2 8 lO^Wi 
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tt^lTH S*ft<t»ii>JS««:7. 5MHz, U->7 , 'J>»t30MHz, 
Sf7-f>t7 1*> 7 i / -i,t44fc St!r?<Z>Snfc3 0- * llH©3#7n 

7c££o, A;UX*I^0. 5mm, $t7Jf£] If— A"ti^) 1 . 5mm, X^-fXTjft 
tf— A$I&) 2 . 6 mratfeoL 
15 0 2 6©@W^ir5/X^A<Z)#ttfh^J©»™^oViT^T*o £?\ 0 
^^l0f^S2 8 2 ©U 7i^< ABt- Ft^We>, 7-A«dbfc 
3^7C@^X^^^-2 8 1S»*U fh«!l&ff^fc^aRfit3:@W»7,^-V^-2 

•5, u>^^^xs©ya-y^«wtjge,-r), ^^©^©©b^e-f 



20 P^g»lli2 8 2l;iit5 t dftte, ^[Hl©mW^©fS«2 8 
8 1 T-A©rJ1&SB£@5£U »ttt2 8 1 

25 sajrr*. ^lt, miiiEi^t>i©3^7cRFm^-^Myr*o -n«, 3^ 
fe&m<Dtf*>&w?zt\z&r)&W}mz3X7t7£&-zn2>o i®©3# 
7tMmzfrfr%mm*t>~?fro. 5 fan? £©£#, §H»i$nfcflE8gi&©R 



WO' 2004/01 0872 PCT/JP2003/009731 

42 

□ >hn-7 2 8 4<Dimm(D#?>*i\B\w-rz.t\z&v. T-k>\zmK)ttn 
>£#u unizw&vKY^-ZKmmr^o zz.x\ nmrnm^RF^- 

Wtfk^mijkm^ 2 8 3^^>®W^if^B2 8 2 1*1 

a-^2 8 3±©A-Ff^X^C§^o Ctlte, ig^^Sl*]© 7 



WO 2004/010872 



PCT/JP2003/009731 



43 

!S?mmcDMB#mM©*SM^!&^ 
jtfjf3JB1«k:#e>liufBtt^ 

10 

25 T£!»3&gt 3 £IB*©iffi«8H&»r ->X^Ao 



WO'2004/0i0872 PCT/JP2003/009731 

44 

^^©fflM«fBc^*^t^2>^e^«)Slc:ISb, JEi^©MfB&^l§HS-*§-© 

&{B^© 2 #© 1 «*IBIBTS/7 h bT*&IB*BW«#&#«>3 £ £ 
5 3 K:IB*©je*«^Wf^^T-A, 

#ifc<b-r&!*3£^6 KlfB*4©^ : § : $ti£ltr>X7 i A. 
10 8. tuf3^M?t#¥©«> B9fBBB«^St**^nfe^7-rx®fc^ 

15 #K 

^#fa©£&&3fc**£ft«»^£**^^fc* - 1 £*HR£-r*iWfc« i l-IB 

^©^^ifv'X^A. 

tfifc«^©2#© lftftWKTM&U MIBjBWifcfcr-i^^lE^ftfcfl&BB©^ 
25 ^tf-Atf^^T^KjbTM3^M^m©m^B^^^-^^^^^^>» 
9 ^BB«©j@W^»f 5^^5^A. 

^f>«b, ^©qE^;Kb©1*#R^MfB^^^fflV^T#14#^^^;M 



WO 2004/010872 



PCT/JP2003/009731 



45 

i3. mmtm^mz.wm^nrcyu-Ay'-^^ &f&©x^*®© 

7 ^ _ A ^ _ ^ £ ^ff £ # u 3. - a ^ - 9 T? & 0 > 

^M©fiffiift*6 2>iit&WWi£tZ> tmm. 5 K: IB*© j®* '>XfA. 
5Jli:&«rlRt"rs»*3gl 3lCfB«£©^&§^v*^Ao 

is. wiBffiMW^Stt. mmmm&*m$m^fo¥-&iumzMnm 
tti§©2^0 1 fcftKpra»u KnBjewfttf-Aw^aE^i^ifcitriBfiw 

&tf-Afc^^*»»jU MfBX^^X^I^^MIB^&ti-A^X^'rT.t: 0 ^ 
^T?^»UTiWIBfflM«*©*^:ffi«**«>* - 1 £*5M8£-r*»#3t 1 4 KIB 
*c©@^?£#l$r>XxAo 

i6. mmtmmw^m^ mm&mm^mm^'Fm^rm^m^m^ 

-fiffi36**«>5 2:t&^IRi-r'SI»*«i 3^f3«©^^lifv^-xA 0 

t^&ftsjfcu ^(D^^;Ht©1t^tMfB^^^ffl^T«i^ic^^ 
Ifi-fcWteffilfcSaJI^K&tt*- tWIB*^&fct&IB#te#*£3*^* - 
#m^-T^>»^ l 3 teia*©© 1 ^^?^*"^. 



WO' 2004/010872 PCT/JP2003/009731 

46 

ffls§f&m©iiuiB^^ 

5 iftti->^TA„ 
10 ^ 1 7 fcfE»c©jM^£f£8fr>XxAo 

15 S&|B#mfi^^^«SIBffi^M^©t&BB^IRa©ffiM#fSR^SBffiffi«a^© 
MB{f^©&ffiM£^&£fg2©Xxy:/<^ 

©3EffiMtXK:i»fla«^#©3a»©S*^**«>S* snx^yft.* 
*»fclKrfaS*^**l»IB^^afc*wr*IS4©^5 i y^t*WbTfeS ( 

20 1 1 

22. MfB^2x^^-7°«, wasif8i$n?tiWBaifettfroffiie«r«©wiB 

^^^^^WIBffi^Htf^©MI3^^«^©1BII#W ? S^^^§^«^^8e)^ 



WO 2004/010872 



PCT/JP2003/009731 



47 

2 3 . fftfBft 3 ©^f^Vn HWB«-«jftlc^W-**tt*a2M«^* - * 

2 4. Mf3m2(DX^^y^ H&fBM'J^&WIBSW^tf-A^lRj^HOfB 

&*Rr*£"fSlt3frE 2 2 fcfB«fe©S2*$Mfr3t*#i*. 
.0 2 5. tufB^2©Xx^-7°^ IWBW-«|jSLC*W-*S6IBffi«6W«0«6IB^ 

2 i *«nni«Tr5/7 h bTMiaftn****** - 1 t-r 
L5 2 6. fitna»2©^T-y^ «&«B*«#©^5-<xiSfc^-rsE*gi(r 

AT-^C^bt / >^< tfe2#7C^[SH»ftbT, WI3«-«I^SiBtJ2^7cffl 
|3^tcMrsWfBffi«Mm©Mf3^^«^©ffiM^^«^t^S^S^*^ 

2 7. *fifB2^7u^^> «riBjB*»«» : ?fc«kt)S«*nsja*«if-- 
A<o#ffl£* ^j@w&tr-A©jt3E^-t?*snt^mt-rsit^2 g^ib 

25 ^CD^^^^5^^^?*o 

2 8 . HfifBJg 2 <DX7-y 7°&> tufBtfm^^MIBM^ti-A^lRlfcMfB 
jB*tt«-^©2^©l«ftWIW"C^»b, WISje*ifeli-A©^aE*lRjK:«(riBfi 



WO'2004/0l0872 



PCT/JP2003/009731 



48 

mz^t>^xr^vxmmmm^^^^^^mwL^'r^m^m2 6\zmm 
30. trmw.2(D^yyit. mib^^^i^©^^^^®^^^ 

p^m-^lttrfBH^^ 

si. wiasjfeTc^ifttt. iiiEatmfKioswi*^****^ 
3 3 . i»ia«*^6ft«bfc«*T^6n/t«a ; E5 s ;wft*iR«©»* 

^cD^fe#'l4^^^tfiIB^^^^-r^^6©X^^^^^WbT 
3 4. ISIBl5^fym «rfB**#*WIS«©S*fc»tiIbT3 3fc7C 



WO 2004/010872 



PCT/JP2003/009731 



49 




{ 



W6 2004/010872 



iO/522807 

PCT/JP2003/009731 



2/24 

02(A) 




\VO 2004/010872 



i/5228 

PCT/JP2003/009731 



3/24 

03 





— ► 



8 




asm 
1/2sft 




EH&RFr-* 



W6 2004/010872 



PCT/JP2003/009731 



4/24 

04 



II 



— ► 



EE^huRFt^— ^ 

< 



B5 




._ MiitjRFls-si- 



,(=B#r B 1i>7hr) 




v W V v 



1/2S*S(#ft»7h 




PCT/JP2003/009731 



5/24 

IH6 



133 

s 



1360 



(I 2 +Q3 



1380 

4 



Q « w i y (t) 



QD 



7 

1320 



Q y (t)_ 



COR 
1 



1350 



( l y 2 +Q y 2 ) 



QD 



7 

1321 



T 

1340 



lB.xy| 



(S R *+S R *) 



1370 R 



yy 



arg 



COR 
2 



C 0 (t) 



0o(t) 



1361 



R 



xx 



Q«« i y1 (t) 



Qyl W 



COR 
1 



1351 



|R 



'R1 



'11 



~7~ 

1341 



22/1 



1371 



yiyi 



arg 



COR 
2 



C,(t) 
0,(t) 



1381 



I(t) 



Q x (t) 



QD 



132N 



136N 



R 



xx 



COR 
1 



135N 



l R xyN I 



RN 



•IN 



«vN 2+Q yN 2 > 



7 



(s RN 2 +s 1N 2 ) 



137N R 



134N 



yNyN 



arg 



COR 
2 



C N (t) 



0 N (t) 



138N 



WO 2004/010872 



10/522807 

PCT/JP2003/009731 



6/24 
H7 



RFim- 



-91 



Q 


I 


Q 




r i 





I 



95^ 



97^ 



93 



uy ux 



-94 



£ y £ x 



96 



98 



99 



WO 2004/010872 



10/522807 



PCT/JP2003/009731 



7/24 

H9 



c 



^SI&No. :l=1 



S11 





9*7 (• : u=-U~U " 


► 


r 




^{£2/1*] (^80 <om : V =-V~V 



S12 



S13 



,S14 



S20 



V5fa<OVl\ : n=0~M 



,S15 



(S^eaffi§ssia»)) 

C(/,f,:u,v,n) 




C(l,t,:u,v,n) 
(u=-U.— 0.— ,U) 
(v=-V,— 0.— .V) 
(n=0.1.— ,N) 

£fi*lc-f&(u,v,n)£ 

(uo, vo, no) <h<fc< 



S21 



-f£+@l!l * (/ , t : uo, Vo, no) 



<f> =n 0 7c + </> (/ , t : Uo, Vo, no) 



I 



(uo,v 0 ,n 0 ) <Dt5:&(D 
C(U : u,v,n)£r/BV\ 
-^{iJj^]<D^{\L : v=Vo+Zlv 
W-h^fanWfc. : u=u 0 +Zlu 




S22 



S24 




WO 2004/010872 



8/24 

10 



13/522807 

PCT/JP2003/009731 



c 



x(t) — X(t)=I x +jQx 

y(t) — Y(t)=I y +jQ y 



S31 



tSSiRxy. Rx: 


r 

t N Ryy £rf+^ - 




r 


C 0 = I Rxy I /VRxx^T Ryy 



S32 



S33 



n=l 



S34 



Y n (t)=Y(t-nT)e 



jCUnT 



S35 



t@§gRxy n , I 


r 

ty„y n %:%\% 




r 


C„=| Rxy n |/V~ RxxV" Ry n y n 



S36 



S37 




S39 



t 

W'6 2004/010872 



PCT/JP2003/009731 



9/24 



31 1 




Y(t-NT) 



0 N (t) 




10/24 



mi2 

■WHPETrJb — 



: .mm<D 



( ) 



i 



T 



I 



I 



RFlf-§- 



I 



tfi5Stt£S affile 



T 



at**!* 



WO 2004/010872 



10/522807 

PCT/JP2003/009731 



11/24 
U 1 3(A) 



>>*■ 
-R 



X 



-R 



-3 -2 



ffiSly(=ct/2)[mm] 
HI 13(B) 



-1 0 1 

S&Iltx[mm] 



13(C) 



-4 -3 -: 



2-1012 







/ 0.6 

— 0^ 





z(z 












111777 

m-nS 








/ 0.5 
























^ ■ — 0- 





WO 2004/010872 



10/522 807 

PCT/JP2003/009731 



.12/24 
014 



3%J±,fi§ 




0.0 0.5 1.0 1.5 

Lateral Displacement [mm] 



WO 2004/010872 



iO/52280 



PCT/JP2003/009731 



13/24 



£ 4 I- 
c 



CO 

V_ 

+J 
GO 

"x 

< 



3 
2 

1 

0 



H1 1 6(A) 



Theoretical value(3%) 
• CA Method 



10 20 30 40 50 

Axial Distance [mm] 



£ 4 
c 

"2 3 

™ 2 

CO 

'1 1 



m i 6(b) 



Theoretical value(3%) 
• ECA Method 



10 20 30 40 50 

Axial Distance [mm] 



2S 4 
c 



C/J 

15 

< 



3 
2 
1 



m i6(o 



Theoretical value(3%) 
• SC Method 



0 0 10 20 30 40 50 

Axial Distance [mm] 



WO 2004/010872 



IS/522807 

PCT/JP2003/009731 



14/24 



£5 4 
c 

"2 3 

52 2 

CO 

< 1 



117(A) 




Theoretical value(3%) 
• CA Method 



10 20 30 40 

Axial Distance [mm] 



50 



£ 4 
c 

"2 

-M 

"x 

< 



3 
2 
1 
0 



117(B) 



Theoretical value(3%) 
• ECA Method 



10 20 30 40 50 
Axial Distance [mm] 



^ 4 
c 

"2 3 

«« 

CO 

< 1 



117(C) 




Theoretical value(3%) 
• SC Method 



10 20 30 40 

Axial Distance [mm] 



50 



WO 2004/010872 



PCT/JP2003/009731 



15/24 

0 1 8(A) 




< ► 

60mm 



m 18(b) 






mi 8(o 

HSflJ±;ft :ift#|a]200Pa,lSS^|Sl30Pa 




WO 2004/010872 



10/522807 



PCI7JP2003/009731 



16/24 



219(a) 



19(b) 





19(c) 



19(d) 




is , 




1 ' Ufa.';-* ' ■ :%i 

« ■ . - . 



■I 




WO 2004/010872 



iO/522807 



PCT/JP2003/009731 



17/24 



IH20(a) 



IU20(b) 



, 7 ,>~ ; 





: . • ::».. x . ... 



llllliP 

!k . . ' :* - - : 



020(c) 



11120(d) 





ir ^ , * 




WO 2004/010872 



10/ §22! 

PCT/JP2003/009731 



18/24 

121(a) 




1221(b) 

n«PE*:Hll^lRl150Pa 




~4 ► 

100mm 



(=E-r;i/JS®@3£) 



/010872 



ms%zz 

PCT/JP2003/009731 



19/24 



122(a) 



1122(b) 



llftlill 




. .. ......... ..... .. , .. ... .illllltlllllfl 

\ ' \ '''\ 







20mm 



2 Omni 



022(c) 



H22(d) 



WO 2004/010872 



rp\ =3 



PCT/JP2003/009731 



20/24 

023(a) 



OS 
CL 

i > 

=3 

o 
E 

Cft 

c 

3 
O 
>- 



40 



30 



20 



10 



True value 
3-D estimation 
2-D estimation 




20 



40 60 
Distances [mm] 



80 



100 



023(b) 



10 



co 8 

DL 



m 



6 
4 
2 
0 



0 



3-D estimation 
2-D estimation 



4 6 

fitting 



8 



10 



WO 2004/010872 W<& PCT/JP2003/009731 



21/24 



H24(a) 



mm 



mm 




20mm 



[124(b) 







1 


i 


§«1 • M 




fy' r; ;j 




i;- , - . 


Rill I 1 ' I 


; t 






> y , . 



10 

m 



20mm 




10/522807 



WO 2004/010872 




PCT/JP2003/009731 



22/24 

025(a) 




025(b) 




• I- 



10/522807 

WO 2004/010872 \HJp MW PCT/JP2003/009731 



23/24 

H26 



282 



283 



^7 



(B^E-Rta^) 
(RFlt-^~B#^#) 



IZ 



(RFlt-^-) H 



lilttBBB 





284 



